-5 mol/L PAR and acetate buffer solution (pH 4.9) was selected as mobile phase. The method has high sensitivity, with the detection limits being 6 ng/mL for aluminium(III), 3.5 ng/mL for vanadium(V), 10.4 ng/mL for iron(III), 6.3 ng/mL for copper(II) and 8.7 ng/mL for nickel(II). It also has good selectivity, so that most foreign metal ions do not interfere under the optimum conditions. The method can be applied to the simultaneous determination of trace amounts of aluminium, vanadium, iron, copper and nickel in rice and flour samples.
Because it is rapid, convenient, highly sensitive, selective and accurate, reversed-phase high-performance liquid chromatography (RP-HPLC) is extensively applied to the separation and determination of some metal ions. In this method, the chelate agents usually used include sodium diethyldithio carbamate, 1 dithizone, 2 8-hydroxyquinoline, 3 β-diketones, 4 porphyrins, 5 pyridylazo dyes such as PAR ([4-(2-pyridylazo)resorcinol]), 6 5-Br-PADAP (2-(5-bromo-2-pyridylazo)-5-diethyl-aminophenol), 7 and azo compounds of chromotropic acid. 8, 9 For a long time, a chromogenic agent alone has been used in the HPLC for the separation and determination of metal ions, and also in the simultaneous analysis for multicomponent metal ions. The HPLC method using simultaneously two different dyes as chelate agents has not been reported before, yet it can improve the ability of multiple metal ions' analysis. 10 CALKS [trisodium salt of 2-(2-hydroxy-3-carboxy-5-sulfophenylazo)-1,8-dilhydroxynaphthalene-3,6-disulfonic acid] is a monoazo reagent of the chromatropic acid for spectrophotometric analysis of aluminum. 11, 12 We studied the color-reaction of CALKS with aluminum(III), 13 vanadium(IV), 14 iron(III), gallium(III) and beryllium(II). 15 Because the overlapping of their absorption bands leads to mutual interference, the selectivity is poor in spectrophotometry when the above metal ions coexist. However, these chelates have high stability and sensitivity, so CALKS may be used as a chelate reagent for RP-HPLC separation and determination of some metal ions. Besides CALKS, PAR is a pyridylazo reagent. Both CALKS and PAR have different coordination atoms and analytical functional structures, and their reaction abilities with metal ions are variable. PAR can react with many metal ions such as copper(II), vanadium(V) and nickel(II), except aluminum(III), and PAR has been widely applied in HPLC analysis. On the contrary, CALKS does not form color complexes with copper(II) and nickel(II); however, it can produce a colorreaction with aluminum(III). Therefore, these two reagents are mutually complementary for the color-reactions with metal ions. Having mutually complementary reaction abilities, similar reaction functions, equivalent chromatographic separation conditions and the same detection wavelength, the doublechelate-agent system has excellent abilities. It is superior to single chelate agent system in separation and determination for metal ions by HPLC. The method of CALKS and PAR as double chelate agents can fit these requirements.
In this work, it was found that the separation and determination of aluminum(III), iron(III), vanadium(V), copper(II) and nickel(II) with CALKS and PAR by RP-HPLC method have high sensitivity and selectivity. The method can be applied to simultaneous determination of trace amounts of aluminum(III), iron(III), vanadium(V), copper(II) and nickel(II) in rice or flour samples with satisfactory.
Experimental

Reagents
The 
Apparatus
The HPLC system consisted of a Model LC-6A pump, a Model C-R3A reporting integrator (Shimadzu, Kyoto, Japan), a rheodyne Model 7125 injector (Cotati, CA, USA) with a 20-µl sample loop, a column packed with 6 µm YWG-ODS (150 × 4.0 mm i.d.) (Dalian Institute of Chemical Physics, Chinese Academy of Sciences, China), a Model SPD-6AV UV-VIS spectrophotometric detector (Shimadzu, Kyoto, Japan), a Model SA-720 pH meter (Orion, Cambridge, MA, USA), a Model CQ-50 ultrasonator for degassing the mobile phase (Shanghai, Ultrasonic Instrument Factory, Shanghai, China) and a Model 8800 centrifuge (Shanghai, Operating Apparatus Factory, China) were used.
A Model U-3400 spectrophotometer (Hitachi, Kyoto, Japan) was used to measure the absorption spectra for the chelates.
Procedure
Place 1.0 µg of aluminium(III), vanadium(V) and copper(II), 2.0 µg of iron(III) and nickel(II) in a 25 mL calibrated flask, then add 2.0 mL of CALKS solution, 2.0 mL of PAR solution, and 2.0 mL of acetate buffer solution (pH 4.9) to it; mix them and dilute the solution to the mark with water and centrifuge it for 3 min at 3000 rpm. Then inject an aliquot of the solution into the chromatograph with a 20 µL loop injector. The flow rate of the mobile phase was 0.9 ml/min and the elution was monitored at 525 nm with SPD-6AV UV-VIS spectrophotometric detector. The sensitivity was set at 0.02 a.u.f.s. The amount of metal ions eluted was determined from the peak areas.
Results and Discussion
Color conditions and detection wavelengths
At room temperature, aluminum(III), beryllium(II), vanadium(IV), iron(III) and gallium(III) can produce colorreaction with CALKS in pH 4 -6 HAc-NaAc buffer solution. In the same way, PAR can form red chelates with many metal ions, such as copper(II), nickel(II), vanadium(V), iron(III), or cadmium(II). However, only the chelates of aluminum(III), iron(III), copper(II), nickel(II) and vanadium(V) with CALKS and PAR in double color reagent system can display their eluting peaks in the chromatogram. The absorption spectra of CALKS and PAR with the above five metal ions are shown in Fig. 1 . The maximum absorption wavelengths of the chelates are between 510 nm and 560 nm. Aluminum(III), iron(III), copper(II), nickel(II), and vanadium(V) can be separated satisfactorily and can be determined in the presence of other coexisting metal ions by RP-HPLC with spectrophotometric detection at 525 nm.
Effect of the composition and pH of the mobile phase
The mobile phase was selected from among some organic solvent-water mixtures, such as acetonitrile-water, tetrahydrofuran-water, and methanol-water, among which methanol-tetrahydrofuran-water (60:5:35 v/v) is the most satisfactory for the separation of these chelates. Figure 2 shows the effect of the methanol concentration on the retention time of the chelates.
Using the methanol-tetrahydrofuran-water system but in absence of any counter ions as mobile phase, one finds that the peaks for aluminum(III)-CALKS and vanadium(V)-PAR chelates are relatively low and overlapped. If one adds a different inorganic salt such as lithium chloride or sodium sulfate as counter ion, only lithium chloride can satisfy the separation and determination of aluminum(III) and vanadium(V), but for copper(II), iron(III) and nickel(II), the effect is not remarkable. In order to increase the sensitivities 260 ANALYTICAL SCIENCES MARCH 2005, VOL. 21 and inhibit dissociation of the chelates, one must add CALKS and PAR to the mobile phase. Thus, adding Li + , CALKS and PAR into the mobile phase at the same time, one finds that each retention time of the chelates is increased. As shown in Fig. 3 , when 0.2 mol/L of LiCl was added, the retention times of all the seven metal-CALKS-PAR systems were suitable and the peaks were not overlapped. A good separation result has been obtained. So the optimum concentrations for mobile phase are 0.2 mol/L for LiCl, 5 × 10 -5 mL/L for CALKS and 5 × 10 -5 mL/L for PAR, respectively. The effect of the mobile phase pH on the retention time of the chelates was investigated in methanol-tetrahydrofuran-water solution (60:5:35 v/v) (see Fig. 4 ). If pH < 3.5, the separation of each chelate is not good, especially for iron(III) and nickel(II). If pH > 6, the peak areas of vanadium(V) and iron(III) chelates will decrease with the increase of pH. Therefore, the optimum pH is 4.9. In subsequent experiments, HAc-NaAc (of pH 4.9) buffer solution was used.
Comparison of single chelating agent system with double chelating agent system
In the chromatogram (Fig. 5) , only aluminum(III) and iron(III) of the CALKS system show eluting peaks. While in the PAR system, only copper(II), nickel(II) and vanadium(V) can display eluting peaks (Fig. 6) . But in the metal-CALKS-PAR system, all of the five metal ions exhibit their eluting peaks in the chromatogram (Fig. 7) . Obviously the experimental results show that double chelating agents system can simultaneously determine more metal ions than the single chelate agent system.
Effect of foreign ions
The effect of foreign ions on the determination of 1.0 µg of aluminum(III), vanadium(V) and copper(II) and 2.0 µg of iron(III) and nickel(II) has been studied under the optimum conditions. The following ions do not interfere with a relative error of less than 5%; up to 1000 µg of Hg(II), Ca(II), Sr(II), Ba(II), Mn(II), Pb(II), Sn(II, IV), Sb(III, V) and Zn(II); up to 800 µg of Ti(IV), Zr(IV), Ru(III), Os(III), Bi(III) and Cd(II); up to 500 µg of Mo(VI), W(VI), Th(IV) and Ag(I); up to 200 µg of Pd(II), Pt(II) and V(IV); up to 100 µg of Fe(II), Co(II), Ga(III), Cr(III), In(III) and Be(II). Hence, the method has high selectivity.
Calibration graph and detection limits
Use different concentrations of aluminum(III), vanadium(V), copper(II), iron(III) and nickel(II) in accordance with the general procedure; construct calibration graphs with the peak areas against the concentrations of metal ions. The linear range is 10 -500 µg/L for aluminum(III), 4 -1000 µg/L for vanadium(V), 8 -600 µg/L for copper(II), 20 -500 µg/L for iron(III) and 100 -600 µg/L for nickel(II), respectively.
The detection limits were calculated at a signal level of three times the background noise (signal:noise ratio = 3), the results being 6.0 ng/L for aluminum(III), 3.5 ng/L for vanadium(V), 6.3 ng/L for copper(II), 10.4 ng/L for iron(III) and 8.7 ng/L for nickel(II).
In addition, this method had been compared to AAS and ICP-AES methods. AAS method [16] [17] [18] [19] has high sensitivity but its procedure is complex and time-consuming; one also needs to 261 ANALYTICAL SCIENCES MARCH 2005, VOL. 21 exchange hollow cathode lamps for the change of to be determined elements, so it can not determine elements simultaneously. The ICP-AES method's ability is excellent for its high sensitivity, [20] [21] [22] [23] [24] large linear range and simultaneous determination, but the apparatus is very expensive. The proposed method has high sensitivity and accuracy and above all it can determine valves simultaneously, which will integrate the advantages of AAS and ICP-AES methods.
Determination of aluminum(III), vanadium(V), copper(II), iron(III) and nickel(II) in rice and flour samples
Place 1.0000 g of dried rice or flour samples in a covered crucible; ash them in an electric oven at 750 degrees centigrade for 3 h. Next, the ash was dissolved in nitric acid (1:1) and the solution was evaporated nearly to dryness. The residue was dissolved with 5 mL of water and the mixture was filtered into a 25 mL calibrated flask, then the filtrate was diluted to the mark with water. The determination was carried out according to the general procedure.
The results for the determination of aluminum(III), vanadium(V), copper(II), iron(III), and nickel(II) in rice and flour samples are shown in Table 1 . The results are in accordance with those obtained by the AAS method.
Conclusion
A simple procedure established by double chelate agents system has been described for the determination of aluminium(III), vanadium(V), iron(III), copper(II) and nickel(II) in rice and flour samples. Compared to the conventional determination method, this method not only has high sensitivity, selectivity and accuracy but the procedure is also very simple for simultaneous determination. The method may be useful in the determination of microelements in rice, flour or other samples. 
